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Plurality of eleMents are connected or "asseMbled- 

XaTn 1 ^ 1 ' t provide the ° utpnt moti ° n - »*• — *■ 

raller~ t ° ° t ™™~ ^ result in so- 

caxied "torgue conversion" 

5 

»l^ e ' ranSmiSSl °" ^"lo-d i» Xnternational Patent 
St "= D PCT/AD81/00 " 6 ' »*«y -tion of an input 

shaft „ converted by an eccentric of variable eccentricity 

10 T ?. Peri ° diC ° f a Plurality of racks. Th e 

10 periodic Motion of each rack is converted into a rotary 
periodic Motion of a pinion, and a selected part of tne 

gl r o^a T Plnl0n ^ Wliea tQ * 

It^cf a " -™— -sultant output 

15 effected t T ^ ^ — -rance^ent is 

effected by the sequential action of each satellite gear 
More specifically each rack operates in sequence to IZr 
pa^of its Motion to is associated satellite gear anfthus 
to the output sun gear, , switching device being 
incorporated in the Mechanism to switch on and off an 
•0 operative connection between a pinion gear which is 
continually driven by the rack, and the associated 
satellite gear. lt ^y be theoretically possible to 

achieve either instantaneous switching or precise 
synchronise between the switching off of the operative 
5 connection between one rack and ih= , 

oear . associated satellite 

sear and the switching on of the operative connection 
between the next rack in the seo.ence and its associated 

this an! ^ ^ POSSiMe *" *> 

' ^olth th" * reMlt ° UtPUt ° 0t - completely 

-~*h. this May Manifest itself as a slight ierkiness 
»hich can be felt in the output while under load, whereas 
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*hus, atteMpts to produce rigid body continuous" variable 
txansMissions have been based on the production of a 
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pluralxty of partial intermediate circular or non-circular 
motxons produced by a circular input and at some stage 
transformed back to a collated circular motion. 

Pires U.S. Patent No. 4,983,151 issued 8 January 1991 
discloses a mechanism which attempts to provide a smooth 
output by what Pires terms "averaging intermediate 
rotations". The device disclosed in Pires requires 
considerable precision and whilst the output is smoother 
than the transmission referred to in PCT/AU81/00146, the 
output still is not sufficiently smooth for many 
applications . 

Our earlier International Patent Application 
No. PCT/AU94/00445 discloses the use of load distributing 
means for differentially distributing the load taken by 
secondary m^ers of the transmission so that the load is 
distributed between at least two such members at any one 
txme. Because of this distribution of load, the output 
Power provided by the secondary members is smoother and 
continuous rather than jerky and discontinuous and 
therefore the transmission of input power to output power 
is smoother than in prior art rigid body continuously 
variable transmissions. The load distributing means which 
deferentially distributes the load, collapses the kinetic 
form of the overlapping partial circular or non-circular 
potions and serially links their associated load functions 
by dxfferentially distributing the load between at least 
two of the secondary members. 

The specific embodiments disclosed in International Patent 
Application No. PCT/AU94/00445 are directed to bicycle 
transmissions, winches and other generally slow moving 
mechanisms although the invention is applicable to any type 
of transmission which requires or could use continuous 
vacation in the drive output between a minimum drive ratio 
and a maximum drive ratio. 
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The present invention steins from further- development of the 
invention disclosed in International Patent Application 
No. PCT/AU94/00445 and which, whilst could be used in any 
5 application requiring or desiring continuously variable 
transmission from a minimum ratio to a maximum ratio, is 
more concerned with higher speed and higher power 
applications such as heavy duty winch applications and 
automotive applications* 

The invention may be said to reside in a transmission 
including: 

an input means; 
an output means ; 

a plurality of secondary members for supplying 
output power for only part of each rotary cycle of the 
input means; 

power transfer means for engagement with the 
plurality of secondary members; 

the plurality of secondary members being coupled 
to one of the input means or the output means and the power 
transfer means being coupled to the other of the input 
means or the output means ; 

first orbital means for causing the plurality of 
secondary members to undergo orbital motion; and 

second orbital means for causing the power 
transfer means to undergo orbital motion so the combined 
orbital motions cause power to be transmitted from the 
input power supply to the output power supply. 

Preferably the transmission further includes load 
distributing means for differentially distributing the load 
taken by the secondary members between at least two of the 
secondary members at any one time. 

Preferably the transmission includes phase changing means 
for changing the phase relationship of the orbital motions 
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to, in turn, change the drive ratio of the transmissions. 

Preferably the orbital motion is a stationary orbital 
motion but in other embodiments the orbital motion could be 
either a progressive or a regressive orbital motion. 

Preferably the secondary members comprise a first set of 
pawls and a second set of pawls. 

Preferably the first orbit means comprises a pawl carriage 
for carrying the first and second sets of pawls, the pawl 
carriage having an epicyclic plate, an orbital control 
plate adjacent the epicyclic plate and orbit control means 
between the orbital control plate and the epicyclic plate. 

Preferably the orbit control means comprises a hole or 
recess on one of the orbital control plate or epicyclic 
plate and pins for engaging the hole or recess on the other 
of the orbital control plate or epicyclic plate. 

In other embodiments, the orbit control means may comprise 
a gear recess on one of the epicyclic plate or orbit 
control plate and a gear member, for receipt in the gear 
recess, on the other of the epicyclic plate or orbit 
control plate; or a recessive or progressive orbital gear 
arrangement . 

Preferably the power transfer means comprises a first 
assembler ring for engaging with the first set of pawls and 
a second assembler ring for engaging with the second set of 



Preferably the first and second assembler rings have 
ratchet teeth on an inner peripheral surface and the pawls 
carry shoes which in turn have ratchet teeth for engaging 
with the ratchet teeth on the first and second assembler 
rings . 
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Preferably the pawl oarriw has ^ ^ 

P '" 1S ""Pled to the axia! portion of the 

carriage ring^ 

Preferably the second orbit Means oo^ risM „ orblt body 

body havang „ epicyclic plate, an orbital control plate 
adjacent the epioyclic plate and orbit control Means 
between the orbital control plate and the epioyclic plate. 

Preferably the orbit control Means coMprises a hole or 
recess on one of the orbital control plate or .picyclic 
Plate and Pln s for engaging the hole or recess on the other 
of the orbxtal control plate or epioyclic plate. 

In. other e»*odiMe„ts. the orbit control Means May co»prise 
a gear recess on one of the epioyclic plat, or orbit 
control plate and a gear „e»ber, for receipt in the gear 
recess, on the other of the epioyclic plate or orbit 
control plate; or a recessive or progressive orbital gear 
arrangement, - 

Preferably the input Means ooMprises a first input shaft 
Wxng an eccentric upon which the pawl carriage is Mounted 

ZLl ^ hSVin9 -P« »U=h the 

orbit body is mounted. 



Preferably the input Means also includes phase control 
Means for controlling the phase relationship between the 
™ d BBCOna ini,at and therefore between the 

relatic^T 1 eC ° entrlCS t0 *» *™ «*. phase 

relationship between the first and second eccentrics and 
therefore the phase relationship between the orbital 

J 5 motions. 

Preferably the differential load distribution Means 
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° MPrlMS ««erential load distribute- 

°an b, transmitted ftom tie fir,,* S ° ^ lMd 

second assembler ring a™, • assembler ring to the 

S *if f erentiaii y distrLTe IZ IT " """^ 

- Pawls Md one of the second ^ ~ ~ «- ««t set 
time. Set of Pawls at any one 

second assembler rings. 

movement of the engagement shoes re^a^ ^ 
L5 and the f irst ^ se ° SS relatlv e to the guide ring 

second assembler rings. 

Preferably the differential i na , 

mounted on the guide J^l ' dlst ^-tion gears are 

-rfaces of the"rs t 21 ~ > ^ ^ °» ^ 

Q xrst and second assembler rings. 

In this embodiment of the ™~ ■ 

- th. Paw! carriage ^ ~ 

eccentric and the assembler rings !!! a " im9e ' i " 
outwardly „i th r „ pect tQ arranged radially 

In one embodiment of t>,« 4 

assembler rings ^Z^^Lr ^ °* 
engagement shoes are ratc^t tee th ^ °" ^ 

In another embodiment of th. • 

-eans is provided for movino " Ve ° tl0n ' P ° =i,:i ™ engagement 
"We the two orbits JT^f ^ ^ 8 SMiti °» 
engagement between the pawt ^ ~ 1 < ± '«*™« 
any given phase relations^! w — -W-* --gs for 

embodiment, the teeth o^! T *» «*• 

engage the pawis are of S T **»Q» »hich are to 

embodiment of the ZZ^T^t ?~ 

, *on, the pawls may be provided with 
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teeth at their ends rather than engagement shoes and 
preferably the teeth are also of sinusoidal shape. ' 
However, the pawls could be provided with engagement shoes 
having teeth of sinusoidal shape. 

In this embodiment of the invention, the assembler rings 
are mounted on the first eccentric and the pawls are 
arranged radially outwardly of the assembler rings for 
engagement with the assembler rings. 

Preferably the positive engagement means comprises arm 
members on the pawls and a control body for axial movement 
relative to the pawls, the control body having wedge-shaped 
recesses for receiving the arms so that upon axial movement 
of the control body, the wedge-shaped recesses contact the 
arms to move the pawl bodies radially to thereby cause 
positive engagement of the pawls with the assembler rings. 

In this embodiment, the pawls are supported by the orbit 
body and the orbit body is provided with openings for 
receiving the pawls. 

Preferably control means is provided for axially moving the 
control body to engage and disengage the pawls with respect 
to the assembler rings . 

In a further embodiment of the invention, the first orbital 
means includes a first eccentric and orbit control means 
for controlling the orbital motion and the second orbital 
means comprises a plurality of axles from which is mounted 
the power transfer means, the axles having eccentrics and 
being rotatable to provide controlled orbital motion to 
cause the power transfer means to undergo orbital motion. 

Preferably the power transfer means are supported by an 
orbital body mounted on the axles. "~ 
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The present invention also provides a transmission 
mechanism including: ~ 

an input power supply for supplying input rotary 

power; 

an output power supply for providing rotary 
output power; 

a plurality of secondary members arranged between 
the input power supply means and the output power supply 
means for transmitting power from the input power supply 
means to the output power supply means, the plurality of 
secondary members comprising at JLeast a first array, 
including at least one secondary member, between the input 
power supply and the output power supply, and a second 
array including at least one further secondary member 
between the input power supply and the output power supply, 
the first and second arrays being in parallel with respect 
to one another; 

a first assembler ring for engagement with, the 
first array of secondary members; 

a second assembler ring for engagement with the 
second array of further secondary members; 

the secondary members of the first array and the 
secondary members of the second array being in engagement 
with the respective first and second assembler rings 
through only part of each rotary cycle of the transmission 
mechanism; and 

a load distributing gear engaged between the 
first and second assembler rings for differentially 
distributing the load taken by the secondary members 
between the said at least one secondary member of the first 
array and the at least one further secondary member of the 
secondary array. 

Preferably the first and second assembler rings have gear 
teeth on radially extending side surface thereof for 
engagement with the load distribution gear. 
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In one embodiment of the invention, the secondary members 
are arranged radially inwardly of the first and second 
assembler rings and ratchet gear teeth are provided on an 
inner peripheral circumference of the first and second 
5 assembler rings for engagement with the respective first 
array of secondary members and second array of secondary 
members . 

In another embodiment, the first and second assembler rings 
0 are arranged radially inwardly of the secondary members and 
ratchet gear teeth are provided on an outer circumferential 
surface of the first and second assembler rings for 
engagement respectively with the first array of secondary 
members and second array of secondary members . 

In another embodiment of the invention, the transmission is 
adapted to provide output rotation in a clockwise or anti- 
clockwise direction so that drive in a first direction can 
be provided or drive in an opposite direction can be 
provided . 

In this embodiment of the invention, the transmission 
mechanism includes : 

a second plurality of secondary members for 
supplying output power for only part of each rotary cycle 
of the input means; 

a second transfer means for engagement with the 
plurality of secondary members; 

the second plurality of secondary members being 
coupled with the plurality of secondary members for 
movement with the plurality of secondary members and the 
second transfer means being integral with or coupled to the 
power transfer means; and 

the plurality of secondary members and power 
transfer means engaging and providing drive during rotation 
in a first direction of the input means and the second 
plurality of "Secondary members and second power transfer 
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means engaging and providing drive during rotation in an 
opposite direction of the input means. 

Preferably the transmission includes first plurality of 
secondary means are constrained so as to only engage the 
transfer means in the region when the transfer means and 
secondary members are. closest during orbital movement of 
the secondary members and transfer means. 

Preferably the double orbiting system produced by the first 
orbital means and second orbital means provides two drive 
phases, one on the closest approach side of the orbiting 
power transfer means to the orbiting plurality of secondary 
members to produce a primary orbit and one on the opposite 
side to produce a counter phase orbit . 

Preferably the transmission includes means for switching 
of f one of the phases of the transmission to enable drive 
to be transmitted in either direction so that as the second 
plurality of secondary members begins to transmit drive, 
there is no destructive interference from the plurality of 
secondary members as one engages the primary phase and the 
other engages the counter phase. 

The invention may also be said to reside in a transmission 
including: 



an input means; 
an output means ; 

a first plurality of secondary members for 
supplying output power for only part of each rotary cycle 
of the input means in a first direction; 

a second plurality of secondary members for 
supplying output power for only part of each rotary cycle 
of the input means in a reverse direction opposite the 
35 first direction; 

power transfer means for engagement with the 
first plurality of secondary members and the second 
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plurality of secondary members; 

first orbit control means for causing the first 
and second plurality of secondary members to undergo 
orbital motion; 
5 second orbital control means for causing the 

power transfer means to undergo orbital motion so the 
combined orbital motion causes power to be transmitted from 
the input power supply to the output power supply; and 

means for selectively allowing supply of power 
between the first plurality of secondary members and the 
power transfer means in the first direction and supply of 
power between the second plurality of secondary members and 
the power transfer means in the reverse opposite direction 
so the transmission can selectively supply power in the 
first direction or the opposite reverse direction. 



Preferably the direction control means comprises a switch 
having an activation point and a first engagement tooth and 
a second engagement tooth, the switch being pivotally 

2 0 mounted to the first orbital means; 

the first and second plurality of secondary / 
members including first and second respective carriers, the 
first and second respective carriers having teeth for 
engagement selectively with the first or second tooth of 

25 the switch; and 

upon rotation of the input means in the first 
direction, the teeth of the carriage carrying the first 
plurality of secondary members engage the activation point 
of the switch to pivot the switch to cause the first tooth 
to engage with the teeth of the carriage so as to lock the 
first carriage to the first orbit control means; and- 

upon rotation of the input means in the reverse 
opposite direction the teeth of the second carriage engage 
the activation point to pivot the switch to cause the 
3 5 second tooth to engage with the teeth of the second 

carriage to lock the second carriage to the first orbital 
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Preferably the first orbital means comprises a orbit" 
control cylinder coupled with the output means. 

5 Preferably the orbit control cylinder is mounted on a first 
eccentric which in turn is mounted on the input shaft. 

Preferably the plurality of first secondary members 
comprises two sets of pawls. 



3 



Preferably the second plurality of secondary members 
comprises two sets of pawls. 

Preferably the power transfer means comprises first and 
second pairs of assembler rings, each pair of assembler 
rings having a differential load distribution gear arranged 
therebetween for differentially distributing load between a 
pawl in the first set of pawls and the second set of pawls 
of each of the first plurality of secondary members and 
second plurality of secondary members. 

Preferably the second orbit means comprises an orbit body 
carrying the first and second assembler rings. 

Preferably the differential load distribution gears are 
coupled to the orbit body. 

Preferred embodiments of the invention will be disclosed, 
by way of example, with reference to the accompanying 
drawings, in which: 

Figure 1 is a partially broken- away view of a 
transmission embodying the present invention; 

Figure 2 is a cross-sectional view of the 
transmission of Figure 1; 

Figure 3 and Figure 4 are diagrams illustrating 
the principle of the invention in schematic form; 

Figure 5 is a view of an alternative arrangement 
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which can be used in the embodiment of Figures 1 to 4; 

Figure 6 is a partially cut away view of -a second 
embodiment of the invention; 

Figure 7 is a cross-sectional view of the 
embodiment of Figure 6; 

Figure 8 is a view along the line V-V of Figure 

7 ' 

Figure 9 is an illustrative diagram used to 
explain operation of the embodiment of Figures 6 to 8; 

Figures 10A and 10B are operational diagrams 
relating to the operation of the embodiment of Figures 6 to 
8; 

Figures 11A and 11B are operational diagrams 
similar to Figures 10A and 10B; 
15 Figures 12 to 14 are operational diagrams 

relating to yet a further embodiment of the invention; 

Figure 15 is a view of a further embodiment of 
the invent i on ; 

Figure 16 is a schematic diagram of a 
transmission according to a further embodiment of the 
invention; 

Figure 17 is a partly broken away perspective 
view of an embodiment utilising the principles of Figure 16 
and showing additional detail; 

Figure 18 is a cross-sectional view through the 
embodiment of Figure 17; 

Figure 19 is a view of a component used in the 
embodiment of Figures 17 and 18 ; and 

Figures 20, 21 and 22 show various operational 
positions of the component of Figure 19* 

With reference to Figures 1 and 2, a transmission 10 is 
shown which has a first input shaft 12 which carries a 
first eccentric 14. The input shaft 12 is hollow and 
arranged within it is a second input shaft 13 which carries 
a second eccentric 16. A pawl carriage 2 0 is arranged on 
the eccentric 14 via bearings 22. The pawl carriage 20 has 
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an axially extending portion 24 and a radially extending 
portion 26. The axially extending portion 24 "has two 
circumferential grooves 28 and 30 in which two sets of 
pawls 32 and 33 are respectively pivotally mounted via 
pivot pins 34. It should be noted in the cross-sectional 
position shown in Figure 2 the pawls 33 associated with the 
grooves 28 cannot be seen because they are out of alignment 
with the pawls 32 arranged within the groove 30 as is most 
clearly shown in Figure 1. The number of pawls in each set 
of pawls 32 and 33 which can be pivotally mounted in each 
of the grooves 28 and 30 is arbitrary but preferably 
comprises from four to eight pawls in each groove 28 and 
30. 

The pawls 32 and 33 are provided with engagement shoes 3 6 
and 37 respectively. The engagement shoes 3 6 and 37 are 
pivotally mounted to the pawls 32 and 33 by pivot pins 38. 
The engagement shoes are provided with ratchet teeth 40 as 
is best seen in Figure 1 . 

First and second assembler rings 42 and 44 are provided 
about the axial section 24 of the pawl carriage 20 and are 
radially aligned with the respective pawls 32 and 33. 

The inner circumference of the assembler rings 42 and 44 
are provided with ratchet teeth 48 for engagement with the 
ratchet teeth 40 on the engagement shoes 3 6 and 37 as will 
be disclosed in more detail hereinafter. 

An outer orbit body 50 has a first enlarged diameter 
section 52 and a second smaller diameter section 54. The 
enlarged diameter section 52 surrounds and supports the 
assembler rings 42 and 44. Roller bearings 53 are provided 
between the assembler rings 42 and 44 and the portion 52 of 
the orbit body 50. The roller bearings 53 may be located 
in grooves 56 provided in the internal surface of the 
portion 52 and act to support and guide relative rotation 
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A guide ring 60 is arranged between the assembler rings 42 
and 44 and is fixed to the orbit body 50. The .guide ring 
60 can be fixed to the orbit body 50 by bolts or other 
suitable fasteners or alternatively could be made integral 
with the orbit body 50 and project radially inwardly from 
the orbit body 50 between the assembler rings 42 and 44 
The guide ring 60 has circumferential grooves 62 and 64 on 
side surfaces 66 and a plurality of cutouts 68 on outer 
surface 70. 

The assembler rings 44 and 46 have gear teeth 72 on 
inwardly facing surfaces 74 of the assembler rings 44 and 
46. Arranged within each of the cutouts 68 is a gear 80 
which is mounted on an axle 82 secured in a respective 
cutout 68 and to the ring 60. The gear 8 0 meshes with the 
teeth 72 on the side surfaces of the assembler rings 44 and 
46 as can be best seen in Figu re 1. Once again, the number 
of cutouts 68 and gears 80 is somewhat arbitrary but , 
typically between four and six such gears may be provided. 

Engagement shoes 3 6 and 37 are provided with projecting 
flanges 88 and 89 which engage within the grooves 62 and 64 
of the ring 60 to thereby guide movement of the shoes 36 
and 37 about a predetermined path relative to both the 
rings 60 and the assembler rings 42 and 44. 

The radial portion 26 of the pawl carriage 20 forms a first 
epicyclic plate and carries a plurality of pins 100 which 
are received in circular holes or recesses 102 in a first 
orbit control plate 104 . The plate 104 is mounted on first 
input shaft 12 by bearings 106. The pins 100 and recesses 
102 form a first orbit control as will be described in more 
detail hereinafter. — 
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The reduced diameter portion 54 of the orbit body 50 is 
mounted on the second eccentric 16 via bearings 108. The 
second portion 54 has a stepped portion 110 which forms a 
second epicyclic plate and which carries pins 112. The 
second eccentric 16 has an extension shaft 114 on which an 
output shaft 120 is mounted. The output shaft 120 has a 
radially extending flange 122 which is provided with a 
Plurality of holes or circular recesses 124. The pins 110 
are received within the holes 124 and the pins 110 and 
holes 124 form a second orbit control as will be explained 
in more detail hereinafter. 

Figure 2 shows a stand or outer casing 130 which is mounted 
on output shaft 112 via bearings 132. The casing 130 is 
not shown in Figure 1 for ease of illustration and clarity 
purposes . 

In order for the transmission 10 to provide power from the 
xnput to the output, rotary input power from a power source 
(not shown) is provided to the two input shafts 12 and 13. 
The rotary input power is supplied via a phase controller 
as described in our International Patent Application ' 
No. PCT/AU96/00763 (WO 97/30813) , the contents of which are 
incorporated by this reference. The purpose of the phase 
controller is to also provide a desired phase relationship 
between the input shafts 12 and 14 and therefore between 
the eccentrics 14 and 16 to control the drive ratio of the 
transmission as will be described hereinafter. 

Thus, input rotary power is supplied to the input shafts 12 
and 13 from a power source such as ..internal combustion 
engine, electric motor or any other drive source so that 
the shafts 12 and 13 are rotated. Rotation of the shaft 12 
will cause the eccentric 14 to rotate to in turn move the 
Pawl carriage 20. Since the pawl carriage 20 is coupled to 
orbit control plate 104 (which may simply be part of the 
outer casing 130 or the like) the carriage 20 is restrained 
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to undergo all stationary orbital motion because of the 



engagement of the pins 100 within the recesses 102 of 
stationary control plate 104. Similarly, rotation of the 
input shaft llj:otates the eccentric 16 so that the orbit 
body 50 also undergoes stationary orbital motion due to the 
interconnection of the orbit body 54 to the flange portion 
122 which forms a control plate by virtue of the engagement 
of the pins 110 in recesses 124. Thus, a double orbit 
stationary orbital motion is created. If the orbital 
motions are out of phase, as will be explained in more 
detail with reference to Figures 3 and 4, the pawls 32 and 
3 3 will come into engagement with the assembly rings 42 and 
44 (via the engagement shoes 36 and 37). Each pawl 32 and 
33 in the sets of pawls will therefore engage with the 
respective rings 42 and 44 in turn for part of the rotary 
cycle of the transmission so as to transmit drive so that 
the rings 42 and 44 will also tend to orbit and transmit 
drive through to the guide ring 60 via the differential 
load distribution gears 80. Thus, the guide ring 60 and 
therefore the orbital body 50 will rotate as well as 
undergo stationary orbital motion. Thus, the motion of the 
orbital body is a complex motion involving both a 
stationary orbital motion as well as a rotary motion. The 
orbital control formed by the pins 110 and the recesses 124 
acts as a transformer to separate the complex orbital and 
rotational motions so that the orbital motion remains with 
the orbital body 5 0 and the rotary motion is transferred to 
the output shaft 12 0 so that the output shaft is rotated to 
thereby provide output rotary power. 

As is best shown with reference to Figures 3 and 4, if the 
input shafts 12 and 13 are adjusted by the phase control 
mechanism of the type disclosed in the above mentioned 
Australian Patent Applications so that the eccentrics 14 
and 16 are in phase as is shown in Figure 3, if there is no 
difference between the aphelion and parhelion of the two 
orbits ie the aphelion equals the parhelion. If the 




WO 98/22731 



PCT/AU97/00749 



- 19 - 



shafts 12 and 13 are adjusted by the phase control 
mechanism to bring about a phase difference between the 
eccentrics 14 and 16 as is shown in Figure 4, the aphelion 
and parhelion of each individual orbit remains the same but 
the relationship between the two changes throughout the 
cycle of rotation supplied to the input shafts 12 and 13 
and it is this change which causes the operation of the 
pawls during the orbiting motion which creates the rotation 
of the assembler rings 42 and 44 and also the rotation of 
the orbit body 50 as well as the orbital motion of the 
orbit body 5 0 to thereby provide the output power supply. 
The ratio of the output compared to the input is adjusted 
by the amount of phase difference between the eccentrics 14 
and 16 which, again, is controlled by the phase control 
mechanism mentioned above. Figure 4 shows the maximum 
phase difference of 180°. If the phases of the eccentrics 
14 and 16 is adjusted so that there is no phase difference 
as shown in Figure 3, then no output power is produced. 

The different phase relationship of the two orbits produces 
different rates of acceleration of the approach of the 
inner surface of the orbit body 50 and the outer surface of 
the pawl carriage 20 and this allows the production of 
different ratios of drive. 

Preferably the orbital motion of the carriage 20 and orbit 
body 50 is a stationary orbit. However, either a 
progressive or regressive orbit could also be embodied in 
the invention. If a progressive gear, is used to create a 
progressive orbit, instead of an epicyclic plate (of the 
type shown in the drawings) or a stationary gear, then 
either the ratio can be increased or reverse function can 
be made to operate when the two orbits are in phase. 

The gears 80 form differential load distribution gears 
which ensure that load is distributed between at least two 
of the pawls 32 and 33 at any one time. The differential 
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load distribution occurs because when one of the pawls 32 
comes into engagement with the ring 40, via the engagement 
shoe 36, the assembler ring 42 will accelerate from the 
beginning of the drive up to a maximum level and then begin 
to slow. At this point, the acceleration of the next pawl 
32 which begins to come into engagement with the ring 42 
becomes greater and it overtakes the first pawl 32 causing 
the pawl 32 to become disengaged from the motion of the 
system. 



Similarly, when pawls 33 come into engagement with 
assembler ring 44 via the shoes 37, exactly the same type 
of acceleration occurs. The speeding up and slowing down 
of the rings 44 causes the differential load distribution 
gears 80 to rotate back and forth in a rocking type motion 
as the assembler rings 42 and 44 speed up and slow down 
relative to each other. This rocking motion will transfer 
the load from one of the pawls 32 to at least one of the - 
pawls 33 to thereby provide a smooth output at the output 
shaft 120. The load distribution gears 80 act to provide 
as much differential load transfer as is required to- , 
provided a completely smooth output. The differential load 
distribution gears 80 thereby provide an equal distribution 
of the load between the pawls 32 and 33 and therefore zero 
25 fluctuation at the output shaft 120. Thus, a continuous 
and smooth output is achieved. 

In order to change the drive ratio of the transmission, the 
phase relationship between the eccentrics 14 and 16 is 

30 altered by the phase adjustment mechanism according to the 
earlier patent applications mentioned above. Thus, the 
phase relationship can be changed between zero phase 
difference to a 180° phase difference to thereby change the 
drive ratio of the transmission in a continuously variable 

3 5 fashion. Thus, continuously variable transmission from a 
minimum drive ratio to a maximum drive ratio can be 
obtained by the transmission (for example, from a very low 
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ratio up to a ratio approaching 1:1). 



In a further embodiment of the invention, rather than 
provide orbit control via the pins 100 and 110, and 
recesses 102 and 124, recessed gears of the type shown in 
Figure 5 could be utilised. 

In this embodiment, the holes 124 in radial portion 122 and 
the holes 102 in plate 104 would be replaced by a cutout 
14 0 and the pins 10 0 and 110 would be replaced by a gear 
142 which locates within the cutout 140 and engages in the 
recess 140 to control the orbital motion in exactly the 
same way as the pins 100 and 112 engage in the openings 102 
and 124 to control the orbital motion. 

The pins 100 would basically ride in approximately one half 
of the inner periphery of the holes or recesses 102 during 
the orbital motion of the carriage 2 0 to thereby guide the 
orbital movement. 

With reference to Figures 6 to 8, a second embodiment pf 
the invention is disclosed. In this embodiment the 
assembler rings and pawls are reversed so that the 
assembler rings are radially inwardly of the pawls and the 
pawls are radially outwardly of the assembler rings rather 
than the opposite arrangement which was described with 
reference to Figures 1 to 5. Furthermore, this embodiment 
provides for positive engagement of the pawls with the 
assembler rings as will be described in more detail 
hereinafter. Like reference numerals in this embodiment 
relate to the same parts as described with reference to the 
previous embodiments. 

In the embodiments of Figures 6 and 7, the pawl carriage 20 
now effectively forms a carriage for the assembler rings 42 
and 44 so that the assembler rings 42 and 44 are mounted on 
the carriage 2 0 which is arranged on the eccentric 14 in 
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the same manner as previously described. The carriage 20 
has a radially inwardly projecting flange 26. In this 
embodiment, rather than use an epicyclic plate to control 
the orbit, a recessive gear arrangement is utilised. In 
this regard, the outer circumference of the flange 26 is 
provided with gear teeth 107. A gear ring 109 is arranged 
on the bearings 10 6 and the gear ring 109 has an axially 
extending flange 111. The inner circumference of the 
flange 111 carries gear teeth 113 which are intended to 
engage with the gear teeth 107 to control orbital motion in 
the form of a regressive orbital gear arrangement. 



In this embodiment, the differential load distribution 
gears 80 are carried by a ring 60 arranged between the 
15 assembler rings 42 and 44 as in the earlier embodiments and 
engage with teeth on the rings 42 and 44 exactly as 
described in the earlier embodiment. 



The orbital body 50 in this embodiment has a pawl retaining 
section 150 which has bores or slots 152 for receiving the 
pawls 32 and 33. The pawls 32 and 33 have arms 156 „ 
extending radially outward thereof. 



Arranged about the orbital body 50 is a cylindrical 

2 5 adjustment control 160. The adjustment control 160 has 

wedge shaped grooves 162 and 164 which receive the arms 156 
of the pawls 32 and 33. The pawls 32 and 33 do not have 
engagement shoes as in the earlier embodiment, but rather 
the teeth 40 are provided directly on the ends of the pawls 

3 0 32 and 33. However, in this embodiment of the invention, 

rather than the teeth being ratchet type teeth, the teeth 
are preferably sinusoidal in shape. Similarly, in this 
embodiment, the teeth on the assembler rings 42 and 44 
which engage with the teeth 40 are arranged on the outer 
peripheral surface of the rings 42 «und 44 and are also 
sinusoidal in shape to match the teeth on the engagement 
shoes in such a way as to minimise radial forces. 
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The adjustment control 160 lias a flange 162 at one end 
which is engaged by a bifurcated control head 164 which is 
provided on a control cylinder 166. The control cylinder 
166 projects through an annular space 167 in the stand or 
casing 130. Screw- threaded shafts 170 are engaged with 
screw- threaded holes 172 in blocks 168 which are provided 
about the circumference of the adjustment control cylinder 
166. The screw- threaded shafts 170 is axially retained in 
a bore 176 in the casing 130. A crank handle 178 or a gear 
may be provided on the rods 17 0 for facilitating adjustment 
of the rods 17 0 as will be described hereinafter. 

In order to effect positive engagement of the pawls 32 and 
33 with the assembler rings 42 and 44 , the handle 17 8 can 
be cranked so as to cause the adjustment cylinder 166 to 
move in one of the directions shown by double headed arrow 
A by virtue of engagement of the screw-threads on shaft 170 
with the screw-threaded bores 172 in blocks 168. Movement 
of the adjustment cylinder 17 6 also moves the adjustment 
control ring 160 in one of the directions of double -headed 
arrow A by virtue of engagement of the bifurcated head 164 
with the flange 152. Movement of the control ring 160 will 
therefore cause the wedge-shaped recesses 162 to move 
relative to the arms 156 which, assuming that the 
adjustment control ring is moved to the left in Figure 7 
will cause the arms 156 to be forced inwardly in the 
direction of arrow B so that the pawls 32 and 33 are moved 
in the same direction to push the pawls 32 and 33 into a 
position for a given ratio (or phase relationship) where 
positive engagement with the sinusoidal teeth on the- rings 
42 and 44 as the shoes and rings 42 and 44 are brought into 
engagement by the rotational and orbital movement of the 
carriage 20 and therefore the rings 42 and 44 and also the 
orbital movement of the orbiting body 50 which carries the 
pawls 32 and 33. Thus, the two out of phase orbital 
motions therefore cause power to be transmitted from the 
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input shafts 12 and 13 from the assembler rings 42 and 44 
to the pawls 32 and 33 and hence to the orbiting body 50 to 
cause rotation as well as orbital motion of the orbiting 
body 50 which,in_turn is supplied to the output shaft 120 
via the flange 12 which forms an epicyclic plate for 
orbital control of the orbiting body 50. 

Figures 9, 10A, 10B, 11A and 11B are illustrative diagrams 
showing operation of the embodiments of Figures 5 to 8 . 
Figure 9 is a diagram showing the assembler rings 42 and 
44, the differential load distribution gear 62 between 
those rings 42 and 44 and the pawls 32 and 33. Obviously, 
only one of the pawls 32 and one of the pawls 33 are shown 
for illustrative purposes. Figures 10A and 10B and Figures 
11A and 11B show the assembler ring 42 and associated pawl 
32 in the assembler ring 44 and associated pawl 33 side by 
side so that the relationship between the rings 42 and 44 
and pawls 32 and 33 can be more easily shown and explained. 
Figure 10A shows that the pawl 32 is engaged with the ring 
44 and that the pawl 33 is not engaged with ring 44 because 
of the orbital position of the assembler rings 42 and.44 
with respect to the orbital body 50. Figures 11A and 11B 
show the orbit moved 90° in a clockwise direction. Pawl 33 
has arrived at its engagement position not properly aligned 
with the teeth in the assembler ring 44. In order for the 
pawl 33 to properly engage now it must force (let us 
assume) assembler ring 44 to rotate (relative to assembler 
ring 42) backwards in the direction of arrow C. It should 
be noted that rotation in the opposite direction may also 
occur for proper engagement to take place since a chaotic 
situation governs the actual point of engagement. The 
operational principles would be the same regardless of in 
which direction rotation actually takes place. Now pawl 
32 should have disengaged from assembler ring 42 but the 
relative anticlockwise rotation of assembler ring 44 has 
caused a similar clockwise rotation of assembler ring 42 
because of the differential load distribution gear 80 
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arranged between the assembler rings 42 and 44. This has 
therefore forced a temporary re-engagement of pawl 32 with 
assembler ring 42 at the point X shown in Figure 11A. All 
of this has occurred without affecting the overall 
5 clockwise movement of the assembler rings 42 and 44 caused 
by the engagement between the rings 42 and 44 by the gears 
80. The differential load distribution gears 80 have been 
used for the subsidiary function of achieving apparently 
smooth engagement without affecting the overall movement of 
10 the transmission. Thus, the differential load distribution 
gears 80 in the arrangement shown in Figures 6 to 8 as 
explained with reference to Figures 9, 10A, 10B, 11A and 
11B provides two degrees of freedom of the differential 
load distribution mechanism provided by the gears 80. The 
two degrees of freedom provide the operation of the 
differential load distribution mechanism (namely the gears 
80) to both allow for smooth engagement of the pawls 32 and 
33 with the assembler rings 42 and 44 and also the 
differential load distribution which is required to 
collapse the partial motion torcjue functions and allow them 
to be assembled in a smooth continuous manner as is more 
fully explained in earlier International Patent Application 
No. PCT/AU94/ 00445. Thus, the differential load 
distribution mechanism in this embodiment provides a 
further advanced function of not only flattening out the 
output curve to provide for smooth and continuous output 
power, but also allows for proper engagement of the 
sinusoidal teeth on the engagement shoes of the pawls with 
the sinusoidal teeth of the assembler rings 42 and 44. 



35 



The operation of the embodiments of Figures 6 and 7 is 
generally the same as the embodiment of Figures 1 and 2. 
The double orbital motion which is created by the 
eccentrics 14 and 16 and the orbital control produces a 
complex orbital and rotary motion from the assembler rings 
42 and 44 which are mounted on the eccentric 14 and the 
pawls 32 and 33 which are coupled to the orbit body 50 so 
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that the orbit body undergoes the complex rotary and 
orbital motion. Once again, the orbital control provided 
by the pins 110 and recesses 124 acts to transform the 
complex motion so that the orbital motion remains with the 
5 orbital body 50 and the rotary motion is supplied to the 
output shaft 120 so that output power is supplied to the 
shaft 120. 

In this embodiment of the invention, rather than using 
0 stationary orbital motion at the carriage 20, a regressive 
orbital gear system is utilised. The regressive orbital 
gear system enables the output drive ratio to go through to 
reverse gear. In this regard, the transmission effectively 
stops providing output power at the output shaft 120 at a 
5 point before the eccentrics 16 and 14 are brought into 

phase with one another. As the phase relationship passes 
that point towards phase match between the eccentrics 16 
and 14, the regressive gear system 107 and 113 places the 
transmission into reverse gear so reveres function can take 
) place . 

If the regressive gear arrangement referred to above is 
changed to a progressive gear arrangement by making the 
gear 111 orbit about the gear 107, then an increase in 
drive ratio can be obtained. A further increase can be 
obtained by making the orbital control between the orbital 
body 50 and flange portion 112 into a progressive gear 
system rather than a stationary orbiting system as 
disclosed. 

Once again, in this embodiment of the invention, in order 
to change the drive ratio of the transmission, the phase 
relationship between the shafts 12 and 13 and therefore the 
eccentrics 14 and 16 is altered by the phase adjuster 
mechanism disclosed in the above mentioned Australian 
patent applications. The radial position of the pawls 32 
and 33 need also be adjusted depending on the drive ration 
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which is selected and therefore the position of the control 
160 needs to be adjusted as the phase difference between 
the shafts 12 and 13 is adjusted. This can also be 
achieved by the phase control mechanism of the aforesaid 
patents by simply making the phase control mechanism 
control three shafts, namely the input 12, the input 13 and 
the control rod 176 instead of just two shafts. Thus, the 
phase adjustment mechanism can automatically change the 
phase relationship between the eccentrics 14 and 16 and 
also cause the rod 17 6 to rotate to thereby shift the 
control 160 dependent on the phase relationship between the 
shafts 12 and 13 to thereby position the pawls 32 and 33 in 
the correct position for the particular drive ratio to 
correctly engage with the assembler rings 42 and 44 • 

Although this embodiment of the invention preferably uses 
sinusoidal shaped teeth, it is possible other geometric 
shapes could be used. It is preferred not to use ratchet 
shaped teeth of the embodiments of Figures 1 to 5 because 
of. the difficulty of engagement and sinusoidal or like 
shaped teeth provide for slippage movement of the gears 
over one another to effect the counter rotation referred to 
with reference to Figures 11a and lib which is required to 
provide good engagement of the pawls 32 and 33 with the 
rings 42 and 44 which minimises radial forces. 

Figures 12 to 14 show a further embodiment of the invention 
in which the pawls 32 and 33 are provided with engagement 
shoes 36 and 37 of the type described with reference to 
Figures 1 to 5 . In this embodiment of the invention, only 
one degree of freedom is provided for and in this 
embodiment of the invention, the engagement shoes 3 6 and 37 
may be guided in guide grooves similar to that described 
with reference to Figures 1 to 5 rather than by the type of 
positive engagement mechanism shown with reference to 
Figures 6 to 9 and sliding movement in the orbiting body. 
The fact that only one degree of freedom is available in 
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this embodiment means that some kind of backlash or 
looseness in engagement may be required in order to release 
sufficient differential load distribution to carry out the 
primary function of the differential load distribution 
mechanism in smoothing out the output power supply obtained 
by the mechanism. 

Figure 15 shows a further embodiment of the invention. For 
ease of illustration some of the componentry has been 
omitted so as to merely represent the difference between 
the embodiment of Figure 15 and the embodiment of Figure 1. 

In this embodiment a first input shaft 12 has a first 
eccentric 14 and a second input shaft 13 surrounds the 
first input shaft 12. The eccentric 14 has a pawl carriage 
20 which has grooves 56 in which the pawls (not shown) 
identical to pawls 32 and 33 are located. An output shaft 
120 includes a flange portion 122 which forms a control 
plate and the carriage 20 has a flange 2 6 which forms an 
epicyclic plate. As in earlier embodiments, pins 100 and 
recesses 102 are provided for controlling the orbital v 
motion of the carriage 20. The casing or stand 130 
includes an annular support section 131 and an end plate 
133. Arranged between the annular section 131 of the end 
plate 133 are a plurality of axles 180, such as four axles 
(only two of which are shown in Figure 15) . The axles 180 
carry eccentrics 182 which are arranged with the annular 
section 131 and end wall 133. 

Orbit body 50 is mounted on the axles 180 and the orbit 
body 50 supports assembler rings 42 and 44 as in the 
embodiment of Figure 1. A guide ring 60 is also fixed to 
the orbit body 50 and the guide ring 60 carries 
differential load distribution gears 8 0 as also described 
with reference to Figure 1. The assembler rings 42 and 44 
may be guided in the guide rings as also described~with 
reference to Figure 1. 
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The axles 180 are provided with sprockets 186 and a chain 
188 is arranged about the sprockets 186. The input shaft 
13 is also provided with a sprocket 190 which receives the 
chain 188. 

When input power is supplied to the input shafts 12 and 13 
in precisely the same manner as described with reference to 
Figure 1, the eccentric 14 undergoes controlled orbital 
motion in view of the fixing of the carriage 2 0 to the 
control plate 122 by the pins 110 and recesses 124. The 
orbit body 50 and the assembler rings 42 and 44 also 
undergo orbital motion. However, instead of the orbit 
being produced by a second eccentric as in the embodiment 
of Figure 1, the orbit is produced by the axles 18 0 and the 
eccentrics 182 so that the two orbital motions cause 
transmission of power from the input shafts 12 and 13 to 
the output shaft 12 0 as in the earlier embodiment except 
that in this embodiment, the carriage 2 0 and the pins 100. 
and recesses 102 which control the orbit of the carriage 2 0 
basically provide the transformer for transforming the. 
complex rotary and orbital motion of the carriage 2 0 so 
that the orbital motion remains with the carriage 2 0 and 
the rotary motion is supplied to the output shaft 120 to 
provide output drive. 

In this embodiment of the invention, the orbital motion of 
the orbit body 50 and therefore the assembler rings 42 and 
44 is automatically controlled by virtue of the axles 180 
and the eccentrics 182 without the need to provide orbital 
control in the form of the epicyclic plate 2 6 and 
associated pins and recesses 100 and 102 or the use of 
regressive or stationary orbital gears. 

The arrangement in Figure 15 provides a more compact 
transmission in terms of the axial length of the 
transmission and locates the pawls and assembler rings 42 
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and 44 more centrally as compared to the embodiment in 
Figures 1 and 2 where the pawls 32 and 33 and assembler 
rings 42 and 44 are offset to one side of the transmission. 
The arrangement in Figure 15 thereby overcomes problems 
with torque loading in the transmission and the need for 
heavy bearings such as the bearings 132 and 10 8 shown in 
Figures 1 and 2 which are required because of the torque 
loading in the embodiments of Figures 1 and 2 . 

Instead of using a chain 188 to transmit power from the 
shaft 13 to the axles 180, solid_gearing may be used. 

In the preferred embodiments described particularly with 
reference to Figures 3 and 4. The eccentrics 14 and 16 can 
be brought into phase relationship so that the two orbits 
match. It will be possible to design the eccentrics so 
that it is never possible to make the two orbital motions 
match thereby preventing the transmission from producing 
drive from the input to the output in the embodiment of 
Figure 1 . 

Figure 16 shows yet a further embodiment of the invention 
which is adapted to be driven in both a forward direction 
and a reverse direction. The diagram is schematic to show 
the principle of operation of the transmission and uses the 
double orbit principle described with reference to the 
previous embodiments. 

An assembler ring 400 is provided on an eccentric 422. The 
assembler ring 400 is a schematic representation of two 
assembler rings of the type described in Figure 1 and 6 
which have a differential load distribution gear (not 
shown) arranged between them and which engage two sets of 
pawls as described in the earlier figures. For simple ease 
of illustration, the two sets of assembler rings and 
corresponding two sets of pawls are replaced by a single 
set in Figure 16. 
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Pawls A, B, C (which as noted above, actually represent the 
two sets of pawls engaging the two assembler rings) engage 
with teeth 4 02 on the assembler rings 400 so as to accept 
the input motion from the assembler rings 400 in the 
direction of arrow H as the ring 400 orbits in the manner 
previously described. As is clearly shown in Figure 16, 
the pawls A and B are in engagement with the gear ring 400 
and the pawl C, together with a further pawl D which cannot 
be seen in Figure 16 are not yet engaged with the teeth 
402. A characteristic of the driving cycle produced by the 
interacting orbits of the double orbit system is to produce 
two drive phases, one on the closest approach side of the 
inner orbiting body to the outer orbiting body (referred to 
here as the primary orbit) and on the opposite side 
(referred to as the counter phase) . When the input 
mechanism, such as input shaft 420 causes the cycle to 
operate, the output will be driven in the same direction - 
whether the input is turned clockwise or anticlockwise 
since in one direction pawls will engage the primary phase 
and in the opposite direction will engage the counter / 
phase. in this embodiment, it is therefore necessary to 
switch off one phase if the mechanism is to be able to be 
driven in either direction so that as the second set of 
pawls begins to operate, there is no destructive 
interference from the first set as one engages the primary 
phase and the other engages the counter phase . in this 
embodiment, the pawls are so arranged or constrained so 
that they are only able to engage the primary phase in 
either direction... As explained in earlier embodiments, the 
pawls A to D are controlled so as to undergo orbital motion 
and the assembler gear 402 is also controlled to undergo 
orbital motion so that the schematic gear assembler ring 
400 and pawls A, B, C and H will operate precisely as 
3 5 described in the earlier embodiments with the pawls A, B, C 
and D engaging the teeth 402 and pushing the outer orbiting 
body 414 to transmit drive through output shaft 412. 
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According to this embodiment of the invention, the assembly 
ring 400 is rigidly coupled with a further assembly ring 
408 which, once again, is a schematic representation of two 
assembler rings which are interconnected by a differential 
load distribution gear in the same manner as the ring 402. 
Each of the rings designated by the reference 408 have 
associated pawls E, F, G and H which are facing in the same 
direction as the pawls A, B, C and D, but the ratchet teeth 
410 on the assembler rings 408 face the opposite direction 
so that the pawls E, F, G and H hook behind the teeth 410 
and when the assembler ring 408 rotates in the direction of 
arrow H would simply ride over the teeth 410, but when 
assembler ring 408 is caused to execute an orbit in the 
opposite direction to arrow H the pawls E, F, G and H are 
driven in the opposite direction will rotate the body 414 
An a direction opposite to arrow H. 

When drive is transmitted to, for example, shaft 420 and 
eccentric 422 to cause ring 4 00 to execute an orbit, the 
body 414 to which the pawls A, B, C, D, E, F and G ar? 
connected will undergo orbital motion and rotate in the 
direction of arrow H and will provide an output at shaft 
42 0. During rotation in this direction, the engagement 
between the pawls A to D and the assembly ring 400, will be 
constrained so as to only engage ring 400 in the region 
when ring 400 and body 414 are closest. This is regarded 
as the primary phase of the orbit cycle. It is necessary 
that both sets of pawls A to D and E to H swing through the 
same arc, because if they move through opposed arcs and 
engage two rigidly connected assemblers 40 0 and 408, 
movement of the assemblers away from an in phase position 
would cause a locking up situation as the pawls move to 
oppose each other, even when both are operating on the 
primary phase. 

The ratchets E to H will simply ride over the teeth 410 of 
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the assembler ring 408 when the input drive 420 and 422 
rotate in the direction of arrow H. 
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If it is desired to transmit drive in the opposite 
direction, the input 420 and 422 is driven in the direction 
opposite arrow H so as to cause the body containing rings 
400 and 408 to orbit in the opposite direction to arrow H. 
This will cause pawls A to H to drive body 414 in the 
direction opposite arrow H. The pawls A to D will simply 
ride over the teeth 402 but the pawls E to H will engage 
the teeth 410 and rotate the assembler ring 408 in the 
direction opposite arrow H to provide drive in the reverse 
direction to output 412. 

15 The pawls E to H are located a desired distance relative to 
the orbit executed by ring 408 and body 414 by an 
adjustment screw or the like so as to make contact with the 
gearing 408 only when the orbits of the body 414 and the 
rings 400 and 408 are in phase with respect to one another. 
The adjustment of the pawls E to H will depend on the drive 
ratio selected by the eccentricities 422 and 424 and-may 
need to be adjusted slightly as the drive ratio is changed 
by adjustment of the eccentricities 422 and 424 so that as 
the drive ratio changes the position of the pawls E to H 
also changes to maintain the contact only when the two 
orbital motions are out of phase with respect to one 
another. Thus, when drive is required in the reverse 
direction, the pawls E to H and the assembler rings 408 
form a counter phase which provides that drive to the 
3 0 output shaft 412. 

The radius Rl and R2 of the pawls A to D and the pawls E to 
H are identical and form between them a virtual gear. The 
assembly rings 400 and 408 are slightly out of phase with 
3 5 one another so that the slightly out of phase rotating 
gears 400 and 408 provide an infinitely thin surface 
defined between the surface of a tooth 402 engaged by, for 
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example, the pawl A shown in Figure 16 and the surface of a 
tooth 410 engaged by, for example, the pawl H in Figure 16. 
The surface of those two teeth on the respective gear rings 
therefore form between them a virtual gear with no 
5 thickness. 
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Figures 17 and 18 show in more detail an embodiment 
utilising the principles described with reference to Figure 
16. 

With reference to Figures/' 17 and 18, an input shaft 5 00 
supplies input rotary power via a phase controller 501. The 
phase controller 501 is described in our previously 
mentioned copending international application. The input 
15 shaft 500 carries a firit eccentric 502. The eccentric 502 
has a cutout 503. A second input shaft 504 is mounted on 
the first input shaft 500 and is also driven via the phase 
controller 501. The second shaft 504 carries a second 
eccentric 506. An orbital body 510 is mounted on the 
eccentric 506. The orbital body 510 has a sleeve portion 
510a arranged on the jbccentric 506, a radially extending 
end wall section 510b/ and an outer diameter cylindrical 
section 510c. The wafll 510b carries pins 512 which are 
received in an opening 514 of an orbit control plate 516 
which is fixed stationary in the casing {not shown) of the 
transmission of Figures 19 and 20. 

The input shaft 500 has an ind section 511 upon which is 
mounted an output shaft 530. The output shaft 530 has a 
flange section 532 which has holes 534. Mounted on the 
first eccentric 502 is an orbit control cylinder 540. The 
orbit control cylinder 54 0 his pins 542 at one end which 
engage in the openings 534 to control orbital motion of the 
cylinder 540. Arranged on t]ie cylinder 540 is a forward 
3 5 ^mo.tion_pawl carrier 550 and a separate reverse motion pawl 
carri er 56(T T^) Two rows of pawLs 552 and 554 are pivotally 
coupled on the pawl carrier 550 by pins 553. The .pawls 
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552 carry shoes 555 which.' 



engage with assembler ring 556. 



The pawls 554 carry shoes 557 which engage assembler ring 
558. Arranged between the assembler rings 556 and 558 is 
ring 560 and differential load distribution gear 580. As 
in previous embodiment, the ring 560 is fixed to the 



The reverse motion pawl carriage 562 also carries two rows 
of pawls 570 and 572. The arrangement of the teeth of 
these pawls with respect to the teeth of the pawls on the 
forward motion carriage 550 is the same as that described 
with reference to Figures 16 to 18. Once again, the pawls 
57 0 and 572 each have a foot 575 which engage assembler 
rings 577 and 579. A differential load gear 580 1 and ring 
560 1 are arranged between the assembler rings 577 and 579. 

A plurality of forward/reverse motion switches 59 0 are 
pivot ally mounted on axles 592 in holes in the cylindrical 
orbit controller 540. The forward motion pawl carriage 550 
is provided with ratchet teeth 597 adjacent one edge and 
the reverse motion pawl carriage 562 is provided with , 
ratchet teeth 599 at its edge adjacent to the pawl carrier 
550. The switch 590 has a ratchet tooth 598 for engaging 
the ratchet teeth 597 and a ratchet tooth 600 for engaging 
the ratchet teeth 599 depending on the position of the 
switch 590 as will be described in more detail hereinafter. 

The switch 590 is shown in more detail in Figure 19 and 
includes a cylindrical body portion 603 which carries at 
one end the tooth 598 and at its opposite end the tooth 
600. It should be noted that the teeth 598 and 600-extend 
for only part of the length of the cylindrical section 603 
so as to engage only the pawl carrier 550 or the pawl 
carrier 562 as is clearly shown in Figure 18. The 
cylindrical section 603 also has an activation tooth or 
point 605 which extends the entire length of the 
cylindrical section 603. The cylindrical section 603 has a 



cylindrical portion 510c lof the orbital body 510. 





WO 98/22731 



PCT/AU97/00749 



• 



- 36 - 



bore 607 for receiving the axle 592 (not shown in Figure 
21) and a tail 607 extends in a direction opposite to the 



In an inactive position, the switch 590 sits in the 
position shown in Figure 20 with neither the tooth 598 nor 
the tooth 600 engaged with its respective ratchet teeth 597 
on the carriage 550 or the tooth 599 on the carriage 562. 
The activation point 605 is now engaged in both ratchet 
gears 597 and 599. Depending on the direction of movement 
of the input 500 and therefore the direction of movement of 
the ratchet teeth 597 or 599, the switch 590 will be moved 
so as to engage the tooth 598 with the teeth 597 or the 
teeth 600 with the teeth 599 so as to effectively lock one 
of the forward motion pawl carriage 550 or the reverse 
motion pawl carriage 5 62 to the orbit control cylinder 540 
so as to impart forward motion or reverse motion to the 
output shaft 53 0. The other carriage is now released so it 
can move freely. 

For example, if the input shafts 500 and 504 are rotated in 
a forward direction to impart forward direction motion to 
the eccentrics 502 and 506 in the direction shown by arrow 
M in Figure 22, the ratchet teeth 597 on the pawl carriage 
550 will also move in the direction of arrow M so that the 
ratchet teeth 597 contact activation point 605 to cause the 
switch 590 to rotate about axle 592 also in the direction 
of arrow M. 

As is shown in Figure 21, this causes tooth 598 to swing 
upwardly into engagement with the ratchet teeth 597 with 
the locking tail 607 also engaging the ratchet teeth 597 to 
lock the switch 590 in the position shown in Figure 23. 
Since the tooth 598 is engaged with the teeth 597, the 
switch 590 therefore effectively locks the pawl carriage 
550 to the orbit control cylinder 540. it will be noted 
that the tooth 60 0 is not in engagement with the teeth 599 



activation point 605. 
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as is clearly shown in Figure 2 0 so the reverse motion pawl 
carriage 562 is not locked to the cylinder 54 0 and 
therefore can be moved freely. 

Orbital motion is imparted to the forward motion carrier 
550 and to the orbital body 510 in the same manner as 
previously described jLn view of the orbital control via the 
pins 542 and openings 534 and pins 512 and opening 514 to 
execute the complex forward orbital and rotary motion as 
described with reference to Figure 1. The reverse motion 
pawl carriage 562 and associated pawls 57 0 and 572 behave 
as per the description of Figure 16 during forward motion 
of the transmission shown in Figures 17 and 18. Thus, 
rotary output power is supplied to the output shaft 53 0 in 
the manner described in the previous embodiments. 

If reverse motion is supplied to the shaft 500 and shaft 
504 so that the eccentrics 502 and 50 6 rotate in the 
opposite direction shown by arrow N in Figure 20, the teeth 

599 will engage the activator point 605 so as to cause the 
switch 590 to rotate in the direction of arrow N so -tooth 

600 engages with one of the teeth 599 and the tail 607 
locks against the teeth 599 as shown in Figure 22. In this 
position, the tooth 598 is out of engagement with the teeth 
597 and the reverse motion pawl carriage 5 62^ is locked to 
the orbital control cylinder 540, Thus, reverse motion is 
transmitted through the pawls 570 and 572, the ring 560' 
and differential load distribution gear 580 1 to drive the 
output shaft 53 0 in the reverse direction. In this 
direction of motion, the pawls 557 and 552 behave as per 
the forward motion pawls in Figures 16 to 18. 

As is apparent from Figure 18, the cutout 540 and the 
eccentric 502 is merely to accommodate the switch 59 0 and 
to allow the switch 59 0 to swing on its axle 592 to bring 
one of the teeth 59 8 or 600 into engagement with a 
corresponding one of the teeth 597 or 599 of the pawl 
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carriage 550 or 562. The switch 590 is biased to the 
middle position shown in Figure 22 so as to take up the 
position shown in Figure 22 when the transmission is not 
rotating. The pawl will be switched to one of the 
positions shown in Figures 23 or 24 depending on the 
greatest movement of the corresponding pawl carriages 55 0 
or 562 or the carriage 550 or 562 which is transferring the 
most torcrue. Thus, the engagement direction of the switch 
59 0 is simply determined by the direction of movement of 
the pawl carriages 550 or 562 or the greatest torque 
applied to one of those carriages. 

Since modifications within the spirit and scope of the 
invention may readily be effected by persons skilled within 
the art, it is to be understood that this invention is not 
limited to the particular embodiments described by way of 
example hereinabove. 



Of 



